To examine the relationship between growth patterns in early childhood and the onset of menarche before age 12.
Menarche (first menstrual bleeding) is a milestone in female reproductive life and has been reported as an important predictor of health status during adolescence, adulthood, and post-menopause. Early menarche has been described as a risk factor for chronic diseases, especially breast cancer. 5 The 1982 Pelotas Birth Cohort Study found high body mass index (BMI) and lower increment in weight gain after adolescent pregnancy among girls who experienced menarche before age 12, 13 and lower stature at 19 when menarche was before 13. 14 Studies suggest chronic diseases are programmed by restrictive environments during intrauterine life resulting in abnormally programmed metabolic pathways that act regulating metabolic, hormonal adaptive capacities in future life. 2, 12 Therefore, identifying early health determinants and adopting the so-called life course approach 6, 18 are new goals of epidemiology 
CONCLUSÕES:
A idade da menarca mostrou-se influenciada pelo estado nutricional e padrões de crescimento durante a infância precoce. Assim, evitar sobrepeso e obesidade na infância precoce mantendo um padrão "normal" de crescimento parece ser importante para prevenir problemas de saúde em futuras etapas da vida.
INTRODUCTION
and public health. 20 Early childhood has been also described as a "window" for programming of chronic disease and there is evidence that rapid growth can produce negative health effects in later life. [7] [8] [9] 11, 17, 19, 21, 22 If rapid growth occurs after a "restriction" period, known as catch-up growth, it could have short-term benefits with lower rates of infections during childhood. 23 However, weight gain in the first two years of life has been associated with lean mass in 18-year-old males in Brazil, whereas later weight gain was more strongly associated with fat mass. 26 There are scarce studies investigating the association between early events and early menarche. Some authors have identified an association between the timing of puberty and early weight gain, 1, 7 but no association was found with low birthweight. 1 Other studies reported an association between low birthweight and early puberty. 7, 16 The objective of the present study was to examine the relationship between growth patterns during early childhood and the onset of menarche before age 12.
METHODS
The 1982 Pelotas Birth Cohort Study included 5,914 live born births. The cohort subjects have been followed up in several studies and detailed information are available elsewhere. 24, 25 The present study included 2,084 women with information on menarche. One subject was excluded due to a uterine tumor; thus the final sample comprised 2,083 women.
The study was based on information from the perinatal study (1982) and follow-up studies in 1984, 1986 and 2004-2005 . In summary, in 1982, all subjects were weighed and their mothers answered a questionnaire on socioeconomic, demographic and health-related conditions. Data on their length at birth was not collected. During the 1984 and 1986 follow-up studies, the mothers or caretakers answered a questionnaire and their children had weight and height measurements taken. Subjects were on average 19.4 and 43.1 months old and 12.8% and 15.9% from the original cohort were lost to follow-up, respectively. Likewise, in 2004-2005, subjects were 23-24 years old and 22.6% from the original cohort were lost to follow-up. Interviewers were thoroughly trained before fieldwork and quality control included repeating 5% of the interviews and double data entry.
Confounders in the perinatal study included skin color, family income (in quintiles of minimum monthly wages), smoking during pregnancy and pre-gestational maternal BMI. Weight-for-age z-scores using Williams' curve 27 were used to generate other variables. In addition, from the 1984 and 1986 follow-up studies, breastfeeding duration was used for control of confounding. Height, weight and age were used to generate weight-for-age, height-for-age and weightfor-height z-scores based on the 2006 World Health Organization (WHO) curves, 4 and were categorized as ≤0, 0.01 to 1, 1.01 to 2, and >2.
Growth patterns were analyzed at two age intervals (interval 1 and 2): from birth to 19.4 months of age; and from 19.4 to 43.1 months of age. For interval 1, the change in weight-for-age z-score was a result of "z-score at 19.4 months of age minus z-score using Williams' curve". For interval 2, it was a result of "z-score at 43.1 months of age minus z-score at 19.4 months of age".
The change in height-for-age and weight-for-height z-scores was analyzed separately in interval 2 as "z-score at 43.1 months of age minus z-score at 19.4 months of age," respectively. Rapid growth has been described as gain of more than 0.67 z-score, 21 used as a cut-off in other studies. 19, 23 In addition, z-scores were defined as "catch-down growth" if they were ≤-0.67; "normal" if between -0.669 and 0.669; and "rapid growth" if ≥0.67. Otherwise, a variable analyzing change in both intervals in weight-for-age z-score was generated as "never rapid growth" (if catch-down or normal growth in intervals 1 and 2); "rapid growth/ no rapid growth"; "no rapid growth/rapid growth" (if normal or catch-down growth in interval 1 and rapid growth in interval 2); and "always rapid growth" (rapid growth in both intervals 1 and 2). These analyses were performed in the entire sample and stratified by tertiles of z-scores at the beginning of each age interval (at birth and 19.4 months of age). Pearson's chi-square and chi-square test for linear trends were used. A multivariable analysis was performed using Poisson regression with a robust variance estimative to obtain prevalence ratios. 3 The regression was based on a hierarchical model ( Figure) .
All potential confounders ( Figure) were cross-tabulated against the outcome and explanatory variables and only those showing an association (p<0.20) were included in the multivariable analysis. Confounding was defined as the difference between crude and adjusted estimates higher than 10%.
In levels 2 and 3 ( Figure) , two independent modelsone "static" and the other "dynamic" -were analyzed and designated by letters (a through g). The variables in the level 3 were adjusted for the related "static" model in the level 2 (letters a-c) and for variables in the level 1, but not between them. The variables in the level 2 included in the "dynamic" model (letters d-g) were adjusted only for the level 1, but not between them.
Using the actual sample size, prevalence ratio was estimated with a power of 80% and at 5% significance level. Some independent variables showed missing data: change in weight-for-age z-score in interval 1 (26.1%) and change in weight-for-age z-score in both intervals (30.7%). Moreover, the characteristics of subjects with missing data had a similar distribution for family income quintiles, indicating that they were not different from the study subjects. The number of observations for each regression model is included in the respective tables.
The analyses were performed using Stata 9.
All followed-up subjects signed an informed consent. The study was approved by the Research Ethics Committee of Universidade Federal de Pelotas.
RESULTS
Mean age of menarche was 12.44 years old (95% CI: 12.38; 12.51); median age was 12 years old and the standard error was 1.51. The prevalence of menarche before 12 was 24.3% (95% CI: 22.5; 26.2) and 66.8% and 8.9% between age 12 and 14 and older than 14, respectively. In addition, the asymmetry coefficient was equal to 0.15 with Kurtosis of 3.53, indicating near-normal frequency distribution. Table 1 shows a summary description of the sample including skin color, family income, smoking during pregnancy, anthropometric and growth pattern variables, among others. There were a higher proportion of girls who experienced rapid growth with change in weight-for-age z-score from birth to 19.4 months of age (41.0%) than from 19.4 to 43.2 months of age (8.0%).
The differences in proportions of menarche before age 12 and Poisson regression results by z-score groups are showed in Table 2 . Increasing weight-for-age, heightfor-age and weight-for-height z-scores at 19.4 and 43.1 months of age were associated to linear tendencies of increasing prevalence of the outcome. The prevalence and relative risks of menarche before age 12 were systematically higher in those with z-scores >2 or more at 43.1 months than at 19.4 months of age. On the other hand, weight-for-age z-score >2 at 19.4 and 43.1 months of age showed higher risk of the outcome compared to ≤0 z-score group. Negative confounding was detected at 43.1 months of age (crude PR=2.13; p<0.001; adjusted PR=2.66; p<0.001).
Height-for-age z-score (Table 2 ) at 19.4 months and 43.1 months old showed that taller girls were more likely to have menarche before 12 than shorter ones (p<0.001). The association at 43.1 months of age had a negative confounding effect (crude PR=2.26; p<0.001; adjusted PR=2.97; p<0.001). The analysis of weightfor-height z-score revealed that the >2 group at 43.1 months of age had the highest risk of the outcome and had a positive confounding effect (crude PR=1.95; p<0.001; adjusted PR=1.73; p=0.002). Table 3 shows the results for growth variables. In interval 1, girls who experienced rapid growth in weight-for-age z-score showed the highest prevalence of the outcome (29.2%; p<0.001). The same was seen in interval 2, but with greater prevalence of menarche before age 12 (34.3%; p<0.001) than in interval 1. In fact, those who experienced rapid growth in both intervals had the highest prevalence of the outcome (37.8%; p<0.001) while those who experienced rapid growth in height-for-age z-score during interval 2 had the Superior levels determine inferior levels. The numbers represent the levels from distal to proximal determination of causality. In level 2, independent models are denoted by letters (a) through (h). The variables in level 3 were adjusted for the corresponding static model in level 2 (letters a-c) and the other exposures from level 1, and never among themselves. Those variables from level 2 that reflect change in anthropometric characteristics (letters d-h; dynamic model) were adjusted only for level 1 and never among themselves. To be continued highest prevalence of the outcome (34.2%; p<0.001).
Moreover, a change in weight-for-height z-score was not associated with the outcome (p=0.22).
In contrast, in interval 1 (Table 3) , those girls who experienced rapid growth in weight-for-age z-score had higher risk than those who experienced catch-down growth in both crude (PR=1.65; p<0.001) and adjusted analyses (PR=1.75; p<0.001). The same was found in interval 2 with a relative risk very similar to that seen in interval 1 (crude PR=1.68; p=0.003; adjusted PR=1.82; p=0.002). Girls who experienced rapid growth in both intervals had the highest risk for the outcome (crude PR=1.79; p<0.001; adjusted PR=2.01; p<0.001) and those who experienced rapid growth in height-for-age z-score during interval 2 showed the highest relative risk for the outcome (crude PR1.79; p<0.001; adjust PR 1.96; p<0.001). Change in weight-for-height z-score was not associated with the outcome in crude analyses (p=0.2) but was marginally associated after controlling for confounders (PR=1.28; p=0.07). Table 4 shows the relative risks of menarche before age 12 by growth patterns, taking into account the subjects' initial z-score tertiles adjusted by family income. This analysis was not adjusted for all confounders due to missing data that resulted in a lower number of subjects in each stratum: the program analyzes only those observations that include information for all variables of the model, which reduces the number of observations studied. To avoid the loss of many observations, the model was only adjusted for family income. In addition, family income was the only variable with no missing data. Girls in the first tertile of Williams' curve who experienced rapid growth in interval 1 showed the highest risk of the outcome (crude PR=2.10; p=0.01; adjusted PR=2.09; p=0.01). Those in the second or third tertiles had lower risk. When rapid growth occurred in To be continued interval 2, the girls in the first and second tertiles had no risk (p=0.2). Those girls in the third tertile showed higher relative risks than those who experienced catch-down growth (crude PR=1.92; p=0.02; adjusted PR=1.98; p=0.02). Otherwise, when there was rapid growth in both intervals, girls in the first tertile showed the highest risk (crude PR=2.87; p=0.01; adjusted PR=2.85; p=0.01).
Changes in weight-for-age z-score in interval 2 (Table  4) were analyzed taking account weight-for-age z-score tertiles at 19.4 months of age. The risk increased among girls in the highest tertiles (crude PR=2.14; p=0.001; adjusted PR=2.14; p<0.001). Changes in height-for-age z-score in interval 2 showed that the relative risk for the outcome was similar in height-for-age z-score tertiles at 19.4 months of age and higher among those who experienced rapid growth. Finally, changes in weightfor-height z-score in interval 2 showed increased risk only in the third tertile (PR=1.83, p=0.001).
DISCUSSION
The study findings are consistent with Dunger et al 8 reports that place great importance on rapid growth during childhood associated with the onset of puberty. In our study (dynamic model), girls who experienced rapid growth and weight gain during an early age interval showed less apparent risk for menarche before age 12 than those who experienced rapid growth in a later period. After stratifying by tertiles of Williams' curve, the risk of the outcome was clearly higher among "small" girls at birth who experienced rapid growth in both age intervals. Moreover, the first interval studied seems to have a more remarkable negative effect on these girls. This early accelerated weight gain was associated with younger age of menarche, corroborating other studies. 1, 8 There is biological plausibility in our findings regarding the association of early rapid growth and menarche before age 12. A study analyzing a sub-sample of subjects from the 1982 Pelotas Birth Cohort from same age intervals showed an association between rapid growth and overweight/obesity in adolescence. 19 This finding could in part explain the mechanism that associates catch-up or rapid growth with age of menarche. These girls tend to have more body fat and it is well-recognized that greater body fat increases the risk for early menarche, 8 possibly due to high levels of leptin. 1, 8 There could be other explanations for the effect of rapid growth on the onset of menarche before age 12 rather than obesity. High leptin levels following rapid weight gain during childhood may trigger early pubertal development. 8 The present study found that higher weight-for-age and/or height-for-age z-scores during early childhood (static model) was associated with menarche before age 12, which is consistent to that described in other studies. 1, 7, 8, 16 The analysis of nutritional status (static model) separately from growth patterns (dynamic model) could be a useful yet challenging approach in life course epidemiology. 6, 18 We believe that both models analyze the same issue but from different perspectives. The dynamic model had the advantage of describing the relative risk, especially in girls who were "small" at birth (first tertile of Williams' curve). For example, a risk was seen among girls who grew ≥0.67 z-score but did not reach the classic >2 z-score (static model) at 19.4 or at 43.1 months of age. However, further studies are required to estimate specificity and sensibility of each approach. Both models allow the assessment of relative risks of developing health conditions in future life at the individual level. Our findings provide input supporting the importance of preventing overweight or obesity during early childhood and maintaining a "normal" growth pattern. Rapid growth during childhood is associated with shortterm benefits such as lower risk of hospital admission and lower mortality, 23 but it appear to be a risk for health outcome in the long run. 11, 17, 19, 21 Moreover, accelerated growth should be taken into account when following up "healthy" children in preventive medicine.
The present findings suggest that early experiences may partially determine later health outcomes and are consistent with a life course approach. 2, 18 The mean age of menarche found in the study (12.4 years old) was slightly lower than that reported in other studies in the same city (mean age of 12.7 years in 1991). 15 Unpublished data from a representative study of women in Pelotas in the early 1990s showed that the average age of menarche was 12.8 years among 1,770 women in 2002.
In the early 1990s, the mean age of menarche in Brazil was 13.2 years. It could be argued that these studies did not take into account the year of birth, also known as the cohort effect. 18 The 1982 Pelotas Birth Cohort Study 24, 25 provided good quality of data to the present study. However, there are some limitations: no data on length measurement at birth and no follow-up near menarche age for all girls. Age at menarche was collected retrospectively and in complete years at age 24. Two active birth cohort studies in the city of Pelotas including those born in 1993 and 2004 will allow a more detailed investigation. 
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